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REALITY, EXISTENCE, AND CLASSIFICATION:
A DISCUSSION OF THE SPECIES PROBLEM

BeEnjaMIN H. BurmAa

INTRODUCTION

In 1949 the writer published a short paper setting forth certain views
concerning the species concept, which elicited several other papers on the
subject. One of these (Gregg, 1950) observed that writers on the subject
of the species concept had in general been guilty of lack of clarity in the
formulation of the ideas and definitions involved. The writer fully agrees
with this view, and the present paper may be regarded as an attempt to
survey, in a relatively short space, the basic philosophical assumptions and
definitions involved in this phase of biology, and their application to the
subject at hand. This has not proved a simple task and I doubt that the
aim of clarity has always been achieved. On the other hand, a number of
the concepts involved are rather difficult, and often I have had to choose
between greater clarity or brevity, and had to choose brevity.

It may be well to point out at once that the ensuing discussion will, at
different times, proceed on different levels. (On one level of discourse it
is perfectly legitimate to refer to a table top as solid. In a discourse on
the atomic level, such an assertion would be absurd.) The different levels
have not.in general been labeled, but every effort has been made to avoid
confusion of the level of discourse. In the more strictly biological part of
this paper, it will be apparent that the general level is that of a “picture-
of-Nature,” in which phenomena are interpreted in terms of “models.”
The physical sciences, and particularly physics, have gone beyond this
level, and eventually biology will also, I am quite certain. If the state of
the science were sufficiently advanced, it seems very likely that the dis-
cussion in the last part of this paper might well have been in terms of open
energy systems in a field of energies, in something of an analogue of a
physical field theory. For the present, however, we must be satisfied with
less precise methods of dealing with the phenomena in question.

Several people, all members of the staff of the University of Nebraska,
have been kind enough to read the entire manuscript and offer helpful
criticism. For this I am indebted to Dr. Dwight D. Miller, of the Zoology
department; Dr. Adam Skapski, Physics department, and Drs. William
H. Werkmeister, Thomas F. Storer, and Bruce Waters, Philosophy depart-
ment. I am particularly indebted to Dr. Storer, especially for his advice
concerning the use of existence as a predicate. Nathan Mohler assisted
in the preparation of the illustrations.

STATEMENT OF THE PROBLEM

The question before us may be stated as “Are species objectively real
units existing in the real world?”’ This innocent seeming question has in
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it several words which are exceptionally difficult of definition and which
are notoriously used by different persons in different ways. Our first
task, then, shall be to attempt to definite, or at least describe the usage,
of certain words or phrases in the above question in such a way that there
will be a minimum of uncertainty in the mind of the reader as to the man-
ner in which each is used in this paper.

It may be well first to say a word concerning verbal definition as such.
It must be realized that any definition attempted can never be anything
except the beginning of an infinite regress, at least within the limits of
the language used in the definition. Thus we might define “beer bottle”
as “brown glass container.” This, of course, merely substitutes three un-
defined words for two. Each of these must then be defined, then each of
the words in this definition and so on, theoretically without limit, hence
an infinite regress. Since the language has a finite number of words, how-
ever, the regress will not actually be without limit as to new words intro-
duced. A point will be reached where the available words are exhausted
and new definitions will involve only reused words. Thus, in actual prac-
tice, we will be faced by circular definitions of the type of “Feature means
peculiarity, peculiarity means characteristic, characteristic means fea-
ture.” In any case, the essential point is that, in the last analysis, there
is no such thing as a final definition, such being impossible unless one
wishes to assume the existence of terms whose definitions exist in-the-
nature-of-things. The mystic or theologian may have such but the scien-
tist does not. In the problem at hand, then, definitions will be stopped at
least this side of the point of diminishing returns.

MEANING OF “REAL”

Our first task will be to specify the meaning to be ascribed to the word
“real,”” as it will be used in this paper. The word is used in so many senses
that it is of first importance to make certain that its usage is always as
clear as possible.

In this paper the word will be taken in its usual, or what I take to be
its usual, “scientific”” sense. All scientific inquiry has as a basis some postu-
late, or postulates, concerning reality and the relation of perceptual data
to this reality. The following postulates and definitions are those on
which this paper is based, and, I believe, they would be very widely recog-
nized as being usual postulates. They are:

(1) There is a physical reality. (This is an unprovable assumption, but
whether true or not, all the sciences proceed as if it were a fact and not
an assumption. Sensory data may also consistently be explained on the
basis of such a postulate as — The total reality is mind, and matter is a
non-physical construct of the mind, that is, that reality is non-physical.
Both postulates have been the basis of philosophic systems concerning
the universe, and probably with equal success. Why then should we postu-
late a physical reality? There are a variety of reasons, some logical and
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some not. The non-logical reasons are certainly of great force and are
expressed in such statements as “If there were no physical reality, then
science would be impossible,” or “I would see no reason to study the
sciences.” Such attitudes place a powerful bias in minds of the type that
would be interested in the physical and biological sciences in favor of the
postulate of a physical reality. In addition, however, there are more logical
reasons. If there is more than one mind in the universe, then, the argu-
ment runs, is it not strange that two minds would reach agreement re-
garding some ‘“‘physical’”’ fact in the absence of some underlying physical
reality. It is easy to argue against this view, but to some minds, mine
among them, such arguments are unconvincing.)

(2) There is some sort of relation between perceptual data and total
reality. (This, again, is unprovable. Perceptual data may in themselves
be reality—Berkelian idealism and similar epistomologies. However, if
there is a physical reality, it would be completely outside the range of
any knowledge unless there were a relation of some sort between per-
ception and total reality.)

(3) Perceptual data give us our only first-hand data of the real world.
(This is unfortunate truth, rather than assumption. It is merely the uni-
versally acknowledged fact that, for example, sight is a subjective, not an
objective experience.)

(4) There is some sort of a systematic, regular relation between per-
ceptual data and total reality. (If relation between the two were hap-
hazard and unsystematic, it hardly seems likely that there would be any
orderliness to the world of the senses. Such a postulate, though again
unprovable, is probably a necessary basis for any theory of communica-
tion.)

(5) The real world, as the term will hereafter be used, is the reflection
of total reality in perceptual data, and such that two or more observers
may reach agreement in correlating their individual perceptual data.
(This is, of course, a definition rather than a postulate. It is simply a
more precise statement of the generally accepted idea that anything real
will be perceptible to two or more observers in such a fashion that mutual
agreement may be reached concerning the nature of the object. Note that
the definition specifically excludes the perceptual data of the insane, the
“abnormal,” and the mystic. This does not deny the validity of these
percepts, but any reality involved falls outside the “real world” of sci-
ence.)

(6) Since total reality is non-perceivable, data received by our senses
give us our only knowledge of-the real world of total reality, and, for the
individual observer, constitutes the real world. [This final postulate is,
of course, the basis of relativism, whether in physics, philosophy, or else-
where. The first known statement of this principle was made about 450
B.c. when Protagoras said that “Man is the measure of all things.” It
means that the first (logically) task of any observer is to discover the
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rules for transforming the data from his observational system (physical,
not notational) into that of another observer, and vice versa. This is
actually a necessary precondition to point (5) preceding. The apprecia-
tion and successful solution of this problem for systems in non-linear
relative motion is one of the greatest accomplishments of relativistic
physics. Although it is not generally appreciated, the biological sciences
are not, by some divine fiat, exempted from these necessities. |

(7) In addition to the above six postulates and definitions, I would add
the following — that only is real which possesses extension in space-time.
This is to say that reality is at least four-, not three-dimensional. The
neontologists have consistently treated the species problem as though the
organisms involved had only extension in space and not in time, the usual
reason given being that “although paleontologists may have to deal with
time in connection with organisms neontologists deal with such short spans
of time, comparatively, that the time factor may safely be ignored as of
no importance.” However, no one espousing this view has ever given any
reason why one should ascribe reality to the three-dimensional shadow-
pictures they describe or why the objects of their study should be ex-
empted from the canons of reality applying to the other physical and
biological sciences. Until such convincing reasons are given, and I know
they will not be, we are justified in rejecting as entirely unscientific any
views on the species-problem which are not discussed in terms of the space-
time continuum.

Tue MEANING OF “Exists”

The word “exist” has also been fruitful of misunderstanding. To say
that a thing exists is to say that it is not fictitious, but an actuality, and
since actuality embodies acts or events in the real, physical world, the
world of things, it embodies a set of characteristics peculiar to that thing.
One of these characteristics is the extension in the space-time continuum.
That which does not have such extension cannot be said to exist in the
sense used in our statement of the problem.

The use of “exists” is important in a consideration of Gregg’s paper,
“Taxonomy, language and reality” (Gregg, 1950). Since the difficulties
in which Gregg finds himself in this paper are not uncommon, it may be
useful to analyze certain of his arguments in some detail (p. 421 ef seq.).

First, he examines the proposition “All species exist,” a proposition of
the type ““all fish swim,” which may be recast as “for any x: if x is a fish,
then x can swim.” A similar recasting of the first proposition gives “for
every A: if A is a species, then A exists.” The contrary of thisis then given
as “not (for every A: if A is a species, then A exists.)” This, Gregg says
is inconsistent as implying the contradictory statement ‘‘there exists an
A such that A does not exist.” T cannot agree with this. It is true that the
last statement is superficially, at least, contradictory, but I do not regard
it as legitimately following the contrary. The contrary statement may be
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transcribed in ordinary language as “It is not true that for every A, if A
is a species, then A exists.”” This statement becomes contradictory only if
the “is” is taken itself to mean ‘‘exists,” which does not follow.

A similar difficulty is involved in his analysis of the proposition “some
species exist”” which he inferentially, by example but not directly, recasts
as “there exists an A, such that A is a species, and A exists.” Here again,
“exists,” the first one, is improperly substituted for “is.”” The difficulty
lies in the failure to distinguish between what we may call logical exist-
ence and real existence. The meaning of the two terms may be illustrated
as follows: Consider the class of unicorns. We erect the class definition —
unicorns are those animals with the head, neck and body of a horse, chin
tuft of a goat, legs of a buck, tail of a lion and a long straight horn on the
middle of the forehead. This class is properly constructed; it may be
used in syllogisms, etc., and may be said to have logical existence. On the
other hand, no such animal ever lived, there is no actual animal of the
real world meeting this description, and for this reason, the individual
unicorn is said to be without real existence in the sense defined in the first
part of this section.

If “exist” of the propositions “All species exist” and “Some species
exist” is of the type of logical existence only, then the discussion of these
topics is purely theoretical and of no possible application to the discus-
sion in this paper and in my former paper (Burma, 1949) which is con-
cerned only with real existence, nor is it of any particular interest to
biologists as biologists, whose concern is also with real, not logical exist-
ences. On the other hand, if “exist” in the two propositions refers to real
existence, or has any flavor of it, then Gregg’s conclusion that both prop-
ositions are necessarily true is certainly false since the statements he
cites, “There exists an A such that A does not exist” and “there exists an
A, such that A is a species and A exists” involves contradictions only if it
is not realized that the first “exists” refers to logical existence and the
second to real existence. For this reason, the logical contraries of the two
original propositions: “It is not true that for every A, if A is a species, A
exists,” and “There is an A such that A is a species and A does not exist,”
where only the words “exist” refer to real existence, contain no internal
contradictions at all, exactly opposite the conclusion of Gregg.

When (p. 423) Gregg says that the statement  ‘There exists no A such
that A is a species’ [better stated as “There is no A such that A is a species
and A exists”] is false for there are species: Homo sapiens is one, Esch-
erichia coli is another, and Anopheles quadrimaculatus is another”, he is
in error in his reasoning. Let us recast this statement of Gregg’s in syllogis-
tic form:

The taxonomic unit Homo sapiens exists
Homo sapiens is a species
Therefore, species exist

Put thus baldly, it is apparent that we are again faced with a confusion in
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the usage of “exists.” If, in this syllogism, “exists” refers only to logical
existence, we need not quarrel with Gregg but the syllogism then has noth-
ing to do with our problem.! The apparent proving of the (real) existence
of species arises when the first “exists” refers to logical, and the second
to real existence. However, since the two “exists” are actually different
words which happen to be spelled the same, the conclusion “Therefore
species exist” does not follow from the major and minor premises. If
both “exists” are taken to refer to real existence, nothing is actually proved
since the major premise then assumes the very point we are supposedly
out to establish! In short, this apparently convincing argument is sophis-
tical and false. (Parenthetically, it may be pointed out that since the
above arguments are basic to Gregg’s thesis, we must conclude that his
thesis is not proven.)

No one can deny that the units of the taxonomic system have logical
existence, so does a mathematical line. Our problem concerns the real
existence of species and Gregg’s paper does not help us in this problem.
Let us now consider some aspects of the general problem of classification.

THE ProCESS OF CLASSIFICATION

Classification, as a process, is a fundamental necessity in human life.
We are presented from birth with a bewildering variety of sensory images,
and the infant’s first task is to bring some sort of order out of this chaos.
Among the first of these orderings is the recognition that one particular
group of sensory images belongs to a class that provides food and comfort.
The first vocalization of the infant often names this class — mama —, in
this case a class of one member. By the time the child is a few months old,
the class, mama, is firmly identified. The very development of skill in
vocalization depends on and develops with this ability to classify. The
infant learns that the word “dog” is associated with a certain group of
sensory images, and that when he points to a member of this class, and
says ‘“doggie,” he will be rewarded.

Indeed, we can see that this ability to classify is necessary to the ability
to communicate. Nouns and adjectives, our chief classifiers of the world
about us, are an absolute necessity for the exchange of information. Con-
sider the number of sensory images, inherent or implicit, in the noun
“Man.” Consider the time saved by classifying this mass of images in the
one word. Indeed the very process of vocalization is one of classification,
for when I say, “men,” I have placed a certain group of sensory and con-
ceptual data in the class “men.” Because classification is necessary for
communication, it does not follow that: (1) precision is gained thereby,
or (2) that classification is a feature of the world itself rather than our
own mental processes.

1 Actually, the “syllogism,” and the argument so formalized, have certain peculiar-
ities which, apart from other considerations, render the validity of the argument
doubtful.
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The first usable formalization of classification must be credited to Plato
and Aristotle. The “archetype” of Plato may be thought of as a spiritual
prototype of the objects of the material world. (Plato’s ei®os which is
almost invariably translated as ‘‘idea’ I have here rendered as “archetype.”
“Idea” inevitably, and especially for non-philosophers, carries with it a
connotation on non-materiality. However, the ¢os of Plato was the very
essence of reality and in every sense material. The world of matter was, in
fact, considered to be only a pale reflection of the world of the e28os.) Thus,
there was an “archetype’ of “dog.” Matter, by partaking of this ‘“arche-
type” became a dog. Thus the process of classification became merely a
process of recognizing the “dogginess” inherent in any dog. (Observe the
essential identity of this process with the process of recognizing a species
by means of its essential characters.) Similarly, one recognizes the class
of bears by recognizing the inherent ‘“‘bearness’ of certain animals. Thus
the physical world was considered to be neatly compartmented into class-
es corresponding to “archetypes” and the process of classifying consisted
only in the more or less intuitive recognition by the philosopher of the
indestructible “archetype” behind the shifting veil of the physical world.

Aristotle’s views were basically quite different although in practice the
results were about the same as with Plato’s system. According to Aris-
totle, every material object is the result of the union of two principles,
matter (material) and form (non-material). Matter is regarded by him
as possessing the capacity for form or being potentially formed matter.
However, form has being only insofar as it is expressed in material ob-
jects. Thus the dog is a “dog” because the matter of which the animal is
composed had the potentiality, the form, of “dog.” From this point clas-
sification proceeds by recognizing ‘“forms” as we before recognized “arche-
types.”

This general view of classificatory process was regarded, during
revival of Aristotelianism, as being compatible with Christian dogma, and
as such passed into western philosophy, either explicitly or implicitly.
Linnaeus’ classification was almost certainly Aristotelian in its basis, yet
it is equally certain that in practice he leaned strongly to the Platonic
view. Thus in his Philosophia Botanica he states “species tot numeramus
quot diversae formae in principio sunt creatae” (freely rendered as “our
classification contains just as many species as there were different forms
originally created”), an unexceptionably Aristotelian statement. How-
ever, in his Classes Plantarum he states ‘“species tot sunt quot diversas
formas ab initio produxit infinitum Ens” (‘“‘there are as many species as
there were different forms produced in the beginning by the Infinite Be-
ing”). Here it is quite plain that his species are archetypal, fixed and im-
mutable from the day of creation.

Such a mixed Platono-Aristotelian view of the species generally lurks
in the background of classifications even today. Thus, when the native
Papuan (Mayr, 1949, p. 371) recognized a given individual bird as a fan-
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tail, he compares this individual with a composite mental image of all
fantails of his experience, checks to see that the individual in question
conforms in essential characters, and, if it does, announces, “This is a
fantail.” In so doing, the Papuan is a reasonably accurate facsimile of a
Platonic philosopher. He extracts from the ckanging appearances of ever-
changing matter, the eternal “archetype” of ‘“‘fantail” — the veriest es-
sence of “fantailness.” One might say, by definition, that any individual
conformation of matter partaking strongly of the “archetype” of fantail
is a fantail. Avowed Platonists are rare in the world today; unavowed,
unconsciously Platonic Platonists are indeed legion, perhaps to the extent
of including all mankind.

Such a process of abstraction, identification, is the basis of classifica-
tion. The chief danger is in the unconscious use of “archetype” as the basis
of classification, a piece of mysticism productive of many difficulties, not
the least of which is the according of the word ‘“‘species” with a connota-
tion of “If T recognize A as a species, I must be recognizing something,
and that something is real, otherwise I wouldn’t recognize it, therefore
species A is a reality,” the reality in the last analysis being the “archetype”
of species A.

SOURCES OF AMBIGUITY IN CLASSIFICATION

One difficulty with almost any scheme of classification is that, sooner
or later, uncertainty arises as to whether some particular individual should
or should not be referred to a particular class. Such ambiguous cases may
arise from two rather distinct, though sometimes not necessarily distin-
guishable causes. We may refer to them as extrinsic and intrinsic am-
biguities respectively.

Extrinsic ambiguities are those external to the objects being classified
and inherent in the class involved. They are essentially difficulties in the
definition of the class. For example, it is difficult to state exactly whether
or not viruses belong to the class of living things. This ambiguity is pri-
marily due to the lack of certainty about the definition of /ife and not
about the pertinent characteristics of the viruses.

Intrinsic ambiguities exist in the individuals being classified rather
than in the definition of the class involved. These exist primarily where the
individual is a member of a continuously variable series and a class is set
up for a portion of this series. In this case, the definition of the class may
be perfectly unambiguous, but uncertainty will of necessity exist regard-
ing the assignment of individuals on the border of the defined class. Such
ambiguity is inherent in the situation.

THE INDIVIDUAL

The basic unit of a biological taxonomic system is the individual. The
individual may be made of cells, organelles, etc., etc., and these constituent
structures will be important in understanding the individual, but they do



1954} BURMA: SPECIES PROBLEM 201

not in themselves take part in the taxonomic hierarchy. Let us first, then,
seek an understanding of what an individual is.

To avoid unnecessary complications, we may restrict our discussion to
non-colonial organisms. Introduction of such ancillary problems would
lead us far from our present purpose. Biologically the individual is im-
portant as the unit through which life maintains itself in space-time. It is
the smallest unit which can, either by itself, or through cooperation with
another unit, ensure that a given kind of life persists from generation to
generation. As such, an essential function is the passing on of hereditary
factors so that a genetic continuum is maintained from ancestor to de-
scendant. The simplest way to consider this aspect, and others, of the
individual, is by reference to the “world line” of the individual. (“World
line,” as will be seen below, refers not to the fully relativistic world line
of Minkowski, but to a simplified version useful to our purpose. Specific-
ally, we will use as coordinates x, y, z, t rather than x, y, z, ict.”.)

Since the concept of the world line may be unfamiliar to some readers,
a short explanation is in order. The world line of an object is the path that
an object takes in space-time. If one wishes to plot such a world line, four
coordinate axes are necessary, three spatial and one temporal. (For a good,
reasonably non-technical, discussion of Minkowski’s world line, see
d’Abro, pp. 195-200, 1950.) Considering the difficulties involved in draw-
ing a tesseract on a sheet of paper, we need not attempt to plot a line, or
volume, in one. Again, for the sake of simplicity, we may adopt one axis
for the space coordinates combined and a second for the time coordinate,
as in Figure 1. For our examples we shall plot the world lines of indi-
viduals as lines. Thus Figure 1 shows the world line of a given individual
from time T; to Ta.

~— Space
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Fic. 1. World line of an individual in space-time during time-segment T1 T2.
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Fi1c. 2. World line of an asexually reproducing individual with two episodes of
reproduction by binary fission.

If our organism reproduces by fission we may, starting at time T show
it and its descendants as in Figure 2. Notice that we have reached a point
where the unambiguous designation of an individual in terms of its world
line becomes difficult, and for much the same reason that we have diffi-
culty in precisely designating individuals in highly colonial animals; that,
viewed over-all, we have continuity, and it is only at specified time seg-
ments that individuals have their world lines sharply differentiated. (The
ordinary view of bodies in space-time is that they are bodies with three
spatial dimensions traveling through space-time. In this view, the line
of Figure 1, and 2, is actually a composite of an infinite number of points
so that the continuity shown in Figure 2 is effectively real but not phys-
ically real. An alternative view is that objects are actually four dimen-
sional, although for some reason our preception only reveals three-dimen-
sional cross sections. In this view, the continuity would be in the highest
degree physically real. I know of no exploration that has been made of
this extremely interesting alternative view, although it has a number of
intriguing consequences.) [ While this paper was in manuscript, Dr. Werk-
meister called my attention to a paper (Williams, 1951) in which one
aspect of this interesting view is examined. ]

Sexually reproducing organisms may similarly be shown by world line
plots. In Figure 3, where such an example is given, sex cells are shown
arising from the parents, fusing, and giving rise to new individuals. Note
that this monogamous couple has produced two offspring. In the case of
such sexually reproducing diploid organisms it is somewhat easier to des-
ignate the individual, but difficulties remain. The individual may be said
to come into existence when the chromosome sets of the haploid sex cells
combine. Even this definition is less precise than it seems. What is im-
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Fic. 3. World lines of two sexually reproducing individuals with formations of
gametes, zygote, and new individuals.

portant is not the definable separateness of the individual but the conti-
nuity between parent and offspring, i.e., the continuity of germ plasm—
and of cytoplasm, too, if cytoplasmic inheritance is of importance.

THE BrEEDING POPULATION

Although we have been unable thus far to say precisely where, in space-
time, one individual begins and another leaves off, let us proceed to a con-
sideration of the next larger aggregation of organic units. In sexually re-
producing organisms, any given individual will ordinarily be within the
range of activity of a considerable number of individuals of the opposite
sex who could, if the opportunity arose, mate with this first given indi-
vidual and produce viable offspring. Such a group, composed of one indi-
vidual together with its immediately potential mates, we may refer to as
first order breeding populations. Obviously, first order breeding popula-
tions will be highly unstable, rapidly changing in composition in space-
time, and are more valuable as analytic units than anything else. By def-
inition, there are in the world as many first order breeding populations as
there are sexually mature individuals, and each such individual might be
a member of several thousand first order breeding populations.

Within a first order breeding population, gene flow is, by definition, ac-
tually or potentially complete and free. If we survey all the first order
breeding populations to which a given individual belongs, and pass from
these to other connected breeding populations, we will find certain geo-
graphic areas within which gene flow is actually or potentially as free and
complete as within a single first order population. However, sooner or
later we will come to a boundary, geographic or some other kind, across
which gene flow is restricted. The nature of the barrier to free gene flow
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will, of course, depend on the organisms involved. For land snails, a small
river might well constitute such a barrier; the same stream would be no
barrier whatever to most birds. The aggregate of first order breeding pop-
ulations within which gene flow is relatively free and unrestricted and be-
tween which there is some restriction of gene flow, we may call second
order breeding populations. Here again we are dealing with a unit that is
useful for purposes of analysis but which we would probably find was
impossible to define precisely in nature.

Barriers between adjacent second order breeding populations will often
be temporary in character. When such barriers are removed, the second
order populations invelved will, of course, merge and become one. Let us
now examine the world lines involved in these second order populations.

~— Space —=

Time —

F16. 4. Temporary separations and fusions of related second order breeding pop-
ulations in space-time. (See text.)

In Figure 4, which is highly simplified, individuals are shown as lines.
Because genetic separation of these second order populations is incom-
plete and impermanent, such second order populations will not maintain
any significant genetic differences over any period of time, and as a
consequence morphological differences between the populations involved
will be minor and transitory. If two such complexes of second order popu-
lations become separated to the extent that gene flow is markedly restrict-
ed and over such a length of time that barriers to gene flow, inherent in
the animals themselves, develop, gene flow will still be restricted when
contact between populations is renewed, or may even be actually or essen-
tially nil. Such groups of second order populations we may refer to as third
order breeding populations. A third order of populations will tend to
evolve independently of other such populations since exchange of genic
material will be restricted wholly or mostly to individuals within the popu-
lation.
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With the third order breeding populations we reach the end of our
natural hierarchy. All such populations which are in themselves unable
to exchange genic materials will be different. Any further building of a
hierarchy will be based on decisions as to amount of differences between
these populations. Such a decision is a value judgment, and is not part
of the real world. Third order breeding populations are different. Only the
human mind makes an issue of Zow different they are.

Note that the foregoing analysis is essentially independent of the mech-
anism by which the hereditary principle is passed from parent to descend-
ant. In the discussion we have, for convenience, spoken in terms of the
gene theory of inheritance, but this is only a convenience and in no wise
necessary to the argument. Only two major assumptions are made in the
foregoing analysis — (1) that offspring resemble parents because of some
physical “principle” which they receive from their parents, and (2) that,
in the course of the passage of this hereditary principle from one genera-
tion to the next, hereditable differences may arise and be passed on to
further offspring. I do not believe that any reputable biologist would
quarrel with either of the above assumptions today. They are among the
most ancient of bases of evolutionary biology. Anaximander and Em-
pedocles, nearly 2,500 years ago were familiar with these tenets. Note also
that no special theory of evolution is here assumed, only evolution in its
most general sense.

BiorocicaL TaxoNoMmy

We may now inquire as to where, in the preceding hierarchy of breed-
ing populations, the usual taxonomic hierarchy fits. It is apparent, I be-
lieve, that all rest within what we have just defined as third order breed-
ing populations except for subspecies. Subspecies seem to be second order
breeding populations, if they have real existence at all, a matter we shall
discuss below. According to the usual definitions, subspecies, in general,
interbreed more or less freely if allowed to mix in nature and will, with
such continued opportunity, become indistinguishable. All the other
categories must then be third order populations between which gene flow
is restricted or absent.

Let us then examine the species to see if any reality may be ascribed
this supposed biological or taxonomic unit. First of all, be it clearly under-
stood that the logical existence of species as a taxonomic unit is not in
question. Whatever definition one may wish to use, species will be a de-
fined class of some sort, and as such may be said, no more and no less,
to exist in precisely the same sense that the class of unicorns may be said
to exist. But, as T have intimated before, this is not our problem, which is
— “do species have real existence, and if so, in what manner.” -

Classes, as such, have no real existence. They are, as we have seen,
mental constructs and as such lack actuality in the sense here defined.
No one ever saw a mental construct walking down the road. Species, as
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classes, thus are obviously without real existence. To construe the actu-
ality and the existence of classes thus rigidly, however, may seem overly
severe, and might be said to beg the question insofar as our central prob-
lem is concerned. In what sense at all can any class be said to have real
existence?

Since we have seen that classes cannot be said to have real existence
in actuality, any tincture of reality ascribed to them must be analogical
and comparable to the reality of the individuals making up this class. As
a neutral example, let us examine the class of “tables.” We may define
a table as a manufactured object consisting of an essentially flat top sup-
ported by one or several legs or pillars. (Note that this is a structural, not
a functional definition.) This definition is quite unambiguous and any
residual ambiguity will be largely extrinsic, rather than intrinsic, as de-
fined above. (It must be understood that this applies primarily to struc-
tural definitions. T would hesitate to estimate how many problems need-
lessly plague biologists because of their fondness for functional rather
than structural definitions.) What canons must we now specify in order
that we may ascribe some aspect of real existence to this class. I would
specify the following: (1) the class definition must be essentially unam-
biguous and any residual ambiguities must be extrinsic and not intrinsic;
(2) the class must have at least one member which has real existence:
(3) the member or members of the class must have a demarcable bound-
ary, at least theoretically, in space-time. T will now discuss these specifica-
tions in order.

(1) The class definition must be essentially unambiguous, and any
residual ambiguity must be extrinsic and not intrinsic. Members of a class
may be designated in one of two ways. They may be designated by indi-
vidual specification. For example, I may say, and touch with my finger,
“this desk, this chair and this bookcase constitute the class of whingdings.”
Such denumerable, individually specifiable classes are a distinct minority
insofar as practicability is concerned. To so specify the class of dollar
bills, for example, would be not only wearisome but downright impossible
if one wished to include those bills of the past which have since been
destroyed. Thus the commoner method of designation of the members of
a class is to describe the characteristics an individual must have to be
considered a member of that particular class. The specification above,
concerning unambiguity of definition, is necessary to fulfill the fifth canon
of reality discussed in the section “Meaning of ‘real’ ”” above, which, in
essence, states that reality must be communicable. Any ambiguity of
definition, and particularly an intrinsic ambiguity, will result in a failure
of communication. If Smith cannot describe a given phenomenon with
essential unambiguity to Brown, Brown will never know whether or not
he made observations comparable to Smith’s. Yet such agreement is neces-
sary before reality may be ascribed to the phenomenon. An ambiguously
described phenomenon may be real, theoretically, but in actuality, no one
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can prove it and it is thus effectively without reality. Since the definition
of “table” is essentially unambiguous, or can be made so, it has satisfied
the first canon.

(2) The class must have at least one member that has real existence.
This simply says that reality can be ascribed only to real things. Thus the
class of unicorns might possibly be unambiguously defined, but since there
are no unicorns and never have been, it is an empty class and has no tinc-
ture of reality as defined above. Not all cases are so simple, however. The
class of man-carrying space-ships is today an empty class, and so one with-
out reality. I would hate to have to bet very much that it would be an
empty class, say, five years from now. Since we do not know the future,
as a practical matter we must understand that the one member necessary
to ascribe reality to a class may be of past or present existence, with all
bets off where the future is concerned. Similarly, I would hesitate to stake
my life on the contention that there are not unicorns somewhere in the
universe. Here again, as a practical matter, we must restrict ourselves to
things within the possible present knowledge of man. In any case, the
class of “tables” has at least one member, so that it fulfills this canon also.

(3) The member or members of the class must have a demarcable
boundary, at least theoretically, in space-time. This specification is closely
linked with the preceding ones. What it says is that a “real” class must in
some sense be a naturally existing unit. Let us test the class of “tables” in
this respect. At some time and place in the past, the first table was manu-
factured. The world line of this individual table could be plotted from its
inception to its dissolution. Similarly world lines for all subsequent tables
could be plotted. And similarly, sometime in the future, the world line of
the last table will end. Thus we might draw a four-dimensional boundary
around the entire class of “tables.” This means that it is in a very real
sense a natural unit strictly analogous to an individual. Since the real
existence of a class is only by analogy to real existence of an individual,
such a class may be said to have this analogical reality. Observe that such
a unit is possible only if the class is unambiguously defined.

So we see that the class of “tables” fulfills all three canons and we are
now justified in saying that the class of “tables” has real existence.

We may now ask if a biological species, any one, fulfills these three
canons. It probably fulfills the second one, since if it is a “valid” species
it has or had real individuals for members. The other two canons are a
different matter, however. Consider Figure 5, in which the zone of short
lines is a diagrammatic representation of the world line of the individuals
making up a third order breeding population, a single phyletic line. At
times @ and & there existed two populations, which, we shall assume, were
different enough to be considered two “species,” ¢ and b respectively, by
ordinary standards. We may also assume, for the sake of simplicity, that
no other species would be recognized in the interval between times a and b.
Can ¢ and & be unambiguously defined in such a way that individuals of
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F16. 5. Time segment of a third order breeding population.

the time interval a¢ & can be unambiguously distributed between ¢ and &
and so that ¢ and b will be demarcable units? It must first of all be ob-
served that ¢ and b are components of a biological continuum. (The suc-
ceeding discussion is based on the assumption that evolution on the “spe-
cies” level took place in minute, usually unmeasurable, stages. I know of
a great amount of actual evidence from the fossil record that this is true.
I know of no evidence that it is not usually true. “Species formation” in
the plants by the processes of hybridization and polyploidy are not con-
sidered. These processes would require the recasting of details of the argu-
ment of this paper insofar as it affects plants, but not animals. The gen-
eral line of argument is not affected.) If we have an intracharacter con-
tinuum, there are obviously, even by definition, no natural demarcable
units within it. Any definition attempted will be ntrinsically ambiguous.
Thus species as classes do zot fulfill the first and third canons and cannot
be said to have real existence in any sense.

We may now ask, if species as classes are without real existence, what
have biologists been talking about all these years? Judging by descrip-
tions of individual species, all too many did not know what kind of a unit
they were talking about. However much lip-service has been paid by
biologists to the dynamic philosophy of evolution with its Heraclitean
flux, almost all biologists have dealt with species in terms of the out-
moded, static, Platono-Aristotelian philosophy. In discussions of evolu-
tion, the following type of phrase is commonplace — “species a evolved
into species b.” ‘This, as it stands, means that there was some sort of a
definable unit, species e, which changed without any particular inter-
mediate phase into species 4. Such one-step speciation is possible in plants
by hybridization or polyploidy. In animals, it is apparently rare and un-
important. In any case, the author of the phrase would probably say that
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he had no such thing in mind, that, of course, he did not intend to say
there was any such jump from a to b, but he would go right on talking in
these terms, and, linguistics being what they are, those who talk in such
a fashion are almost certain to think in these same terms. Anyone who
looks through evolutionary literature with this in mind can quickly lo-
cate literally hundreds of examples where it is obvious in context that the
writer was thinking of species as discrete, objective, real units, regardless
of any protestations the author may have that he realized the subjective
character of biological classification. What all these workers, neontolo-
gists and paleontologists, have actually been dealing with is an arbitrarily
set-off segment of a continuous phyletic line. For those who say, “Well,
of course, but what of it?”’, T can only reply that it is extremely improb-
able that anyone who tkinks in terms of the static species concept fails to
appreciate the full implications of a dynamic philosophy such as evolu-
tion. It would be easy to quote examples to support this contention, but
I prefer not to do so.

In this situation, the most obvious thing to do is to discard such a term
as “species” with its overpowering load of undesirable connotations, and
use or coin a new word for these phyletic-line segments which have been
hitherto called “species.” T do not think any such course will be adopted,
the International Rules of Zoological Nomenclature being one of several
reasons. To minimize these effects, however, I would suggest the follow-
ing steps. First, all taxonomic units of whatever kind should be recog-
nized explicitly for what they are—arbitrarily erected, man-made con-
structs, incautious use of which may result in obscuration to a degree
which outweighs the convenience of recognizing such units. Secondly,
the idea of the reality of evolving populations of individuals should
always be kept in the forefront of any discussion of the evolutionary
process. Such highly abstract fictions as ‘“‘species’”, in the conventional
abstract sense, will only continue to obscure such discussions.

Department of Geology,
University of Nebraska, Lincoln
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